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Eliminationof Inhibitorsof AlkalinePhosphatasefrom 2-Amino-2-methyl-1-propanol H. J. G. M. Derks, V. Borrias-van Tongeren, J. B. A. Terlingen, and J. C. Koedam
When 2-amino-2-methyl-1-propanol buffer solutions are extracted with chloroform, impurities inhibiting alkaline phosphatase are selectively removed and this source of variation is thereby greatly decreased. We also studied the effect of adding zinc sulfate to this buffer. A combination of chloroform extraction and zinc sulfate, added to give concentrations from 5 to 10 tmol/L, results in buffer of high and consistent quality. The alkaline phosphatase activities of 12 reference sera of different origin were determined with use of the purified buffers. Those sera, which closely resembled human serum in terms of alkaline phosphatase isoenzyme composition, behaved similarly to human serum. Use of such control sera is strongly recommended.
2-Ainino-2-methyl-1-propanol (2A2M1P) and diethanolamine (DEA) are the two phosphorylating buffers most extensively used in determining the catalytic activity of alkaline phosphatase (EC 3.1.3.1) in serum. Several authors (1, 7) prefer 2A2M1P because of the presence of an inhibitor, probably monoethanolarnine, in DEA. But 2A2M1P also often contains considerable amounts of other interfering substances. The inhibition caused by these impurities is negligible when the reaction is started by adding serum. But when the reaction is started with substrate, the inhibition increases with increasing interval of contact between serum and buffer before substrate is added (2 tration of which was proportional to the inhibitory effect.
Mass-spectrometric
work revealed the probable presence of substituted diamines that might inhibit the catalytic action by chelation of the zinc(II) ions necessary for the reaction.
In this paper, we describe experiments aimed at eliminating the effect of these inhibitors on alkaline phosphatase.
Materials and Methods
Seventeen lots of 2A2M1P were purchased from: AldrichEurope (Beerse, Belgium), J. T. Baker Chemicals BV (Deventer, The Netherlands), BDH Chemicals LTD (Poole, U.K.), Fluka AG (Buchs, Switzerland), Koch-Light Lab. Ltd. water was used in which no zinc was detectable by atomic absorption spectrometry (detection limit: 5 tg/L). The zinc content of the chloroform used in the experiments was stated by the manufacturer to be <50 igfL.
This was checked by extracting an aliquot of chloroform with 0.1 volume of a 1 mol/L solution of HNO3 in water. Analysis of the extract by atomic absorption spectrometry showed that the statement of the manufacturer was correct (found: 6 gfL). The concentrations (mmol/L) of the ingredients in the final reaction mixture were: 4-nitrophenyl disodium orthophosphate, 16;magnesium sulfate, 0.1; 2A2M1P, pH 10.6,600; zinc sulfate 0-0.05.
Fifty microliters
of different 2A2M1P solutions was pipetted into the reagent compartments of the cuvette rotor before the analyses. Samples and other reactants were pipetted in the usual way. The reaction variables are listed in Table 1 . For gas chromatography of 2A2M1P buffers or their chloroform extracts we used a Varian 3700 gas chromatograph equipped with a flame ionization detector. A 2 mX 2 mm(i.d.)
glass column packed with Tenax GC (Chrompack, Middelburg, The Netherlands) was used at a nitrogen carrier gas flow rate of 21 mL/min. The oven temperature was programmed from 150 to 240 #{176}C, at 8 #{176}C/min. Injector and detector temperatures were both 250 #{176}C.
Experiments and Results
Guided by the results of Williamson and Thompson (3), we tried to eliminate alkaline phosphatase inhibitors selectively by means of liquid-liquid extraction. For this experiment, 2A2M1P buffer solutions (3.9 mol/L, pH 10.6) were prepared from four different 2A2M1P lots (4, 7, 8 , and 16) having low, medium, and high inhibiting effects, respectively. These solutions were shaken for 5 mm with equal volumes of one of the following solvents or solvent mixtures: ethyl acetate, dichloroethane, dichloroethane/ethanol We compared results of alkaline phosphatase determinations carried out with the extracted buffer solutions with those obtained using the untreated buffers. The determinations were performed with a human serum pool of slightly abovenormal activity, with a pre-incubation time of 15 min and with no added zinc sulfate. In all cases the activity had increased as a result of the extraction, and chloroform appeared to give the best result. Then 17 2A2M1P solutions were treated with chloroform in the same way. Table 2 gives a comparison between the non-extracted and extracted buffers. Repeated extractions, up to three times, resulted in a further increase of activity. When four buffers (4, 7, 8 , and 16) were purified in this way and tested by incubation with eight different human sera, the mean (and SD) activities as percentage of the activities in untreated buffer no. 4 were: 98.0 (0.7), 96.4 (1.0), 98.1 (0.9), and 94.5 (1.15), respectively. With use of buffers that had been extracted three times there was hardly any decrease in alkaline phosphatase activity with increasing pre-incubation time of the buffer with serum (see Figure   1 ). The loss of 2A2M1P from the buffer solutions as a result of chloroform extraction was determined by gas chromatography. It was found that 6% of the 2A2M1P present in the solutions was lost in each chloroform extraction. Also, the pH of the extracted buffer solutions was unchanged.
The effect of low concentrations of added Zn(II) ions was studied with several lots of 2A2M1P. As reported earlier, small amounts of added Zn(II) effectively mask the inhibitors through chelation, but higher concentrations (>0.1 mol/L) inhibit the reaction (4, 5) . The optimal Zn(II) concentration thus depends on the degree of contamination of the 2A2M1P used.
To 2A2M1P buffer solutions we added different quantities of zinc sulfate to give final concentrations of 0, 5, 10, and 50
Mmol/L. With these reagents, the alkaline phosphatase activities of four patients' samples and two control sera were determined. The tests were carried out with four buffers (1,  7, 8, and 16) , used untreated and after one extraction with chloroform.
The alkaline phosphatase activities were measured after pre-incubation for 3, 5, or 15 mm. Table 3 shows the effect of pretreatment, zinc addition, and buffer quality on the mean relative activity of the four human sera. One of the control sera behaved in the same way as the human sera, but the other control serum gave discrepant results. Therefore, 12 control sera were tested, this time with only one pre-incubation time (5 mm) and two zinc concentrations (0 and 10 mol/L). Table 4 gives the results of this experiment. Table 2 demonstrates the positive effect of chloroform extraction on almost all lots of 2A2M1P, indicating that inhibiting impurities can be removed in this way. This positive effect of chloroform cannot be ascribed to the transfer of zinc present in chloroform as an impurity to the 2A2M1P buffers.
Discussion
We calculate that the amount of zinc present in the chloroform could not contribute more than 15 nmol of zinc per liter to the reaction mixture in the assay, an amount quite insignificant 
Enzymeactivity (as'I. of good bufter activity)
., as compared to the amount contributed by the serum samples. Certain extracted buffers that already gave satisfactory results without being purified showed a small decrease in activity after extraction. This phenomenon was found repeatedly and was not the result of experimental errors. A possible explanation is that substances that enhance alkaline phosphatase activity are removed. One can think of phosphate acceptors with an affinity higher than that of 2A2M1P. The small loss of 2A2M1P from the buffer solutions during extraction is not likely to be responsible for this decrease in activity, because the dependence of activity on 2A2M1P concentration is very small at the concentrations used (6) . Moreover, the effect is not additive in multiple extraction.
Repeated extractions of the other 2A2M1P buffers resulted in further improvement.
In all instances an activity that was at least 92% that of the best buffer could be reached with the Table 3 .
sera we used. The degree of inhibition is not the same for all samples, but no correlation with the absolute activity or with the isoenzyme composition could be observed.
The described extraction procedure can be used for the large-scale purification of 2A2M1P. Other procedures, such as the fractional distillation practiced by the producer of the raw product (F. T. Klein, IMC Chemie GmbH, Cologne, F.R.G.; personal communication) proved to be inefficient in this laboratory.
Addition of zinc sulfate to the 2A2M1P buffers in concentrations up to 50 tmol/L gave a sharp increase in activity (Table 3) 10 fimol/L usually being optimal. This has also been reported by Rej and Bretaudi#{232}re (5) . As a result of the Zn(II) additions, the differences between various untreated 2A2M1P lots became much smaller, even with large variations in preincubation times. The variations found for human sera now amounted to 6.5-8.6%. Pekelharing et al. (4) showed that it is possible to "titrate" each 2A2M1P with zinc sulfate, to reduce the spread of results. One extraction with chloroform, however, reduces the differences between the buffers, which means that the addition of a constant amount of 5 5.8%, regardless of the duration of the pre-incubation. Addition of Zn(II) to a final concentration of 50 fimol/L sometimes leads to some inhibition of the reaction. We did not study the effect of varying the Mg(II)/Zn(II) concentration ratio, but reportedly their effect is synergistic (6).
The behavior described above was shown by all the human sera and one of the control preparations (no. 10). The other control serum invariably showed large variations in activity, irrespective of the measures taken. To test a possible relation with the isoenzyme composition, we subsequently tested 12 control sera. The behavior of most of the control sera mentioned in Table A is essentially the same as that of human sera. They show increased and consistent activities in chloroform and Zn(II) treated buffers. The same control sera, subjected to electrophoresis, show a human isoenzyme pattern. Sera 3, 4, 5, and 6 showed one isoenzyme after electrophoresis, which in 3,4, and 6 was equimobile with human intestinal alkaline phosphatase. Control serum 5 had a band equimobile with human bone phosphatase. Control serum 12 contained intestinal, bone, and liver isoenzymes. Although sera 5 and 6 appeared to be relatively insensitive to variations in buffer quality and Zn(II) concentration, they showed a strong dependency on the duration of pre-incubation.
The ability of chloroform extraction to remove inhibitors of alkaline phosphatase from 2A2M1P solutions can be used as a simple test of the quality of the 2A2M1P used in the clinical chemical laboratory. Recently, several authors reported on the quality control of other essential reagent materials such as 4-nitrophenyl phosphate (7, 8) and its reaction product, 4-nitrophenol (9, 10) . We consider the availability of a complete set of simple tests for reagent quality to be an essential prerequisite to better inter-laboratory agreement of alkaline phosphatase assays.
